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CLAIMS 



\,/A method for inducing a mucosal immune response, comprising: 

administering to a mucosal surface of a subject an efifecji^ amount for inducing a mucosal 
immune response of an oligonucleotide, having a sequence including at least the following 
formula: 




X5CGX3 X4 3* 

herein C and G are unmeth5^1ated, wherein X^ X2, X3 and X4 are nucleotides, and 



exposing the-'subject to an antigen to induce the mucosal immime response, and wherein 
the antigen is'^oTencoded in a nucleic acid vector. 



"2. The method of claim 1, wherein the subject is actively exposed to the antigen. 

3. The method of claim 2, wherein the antigen is delivered to a mucosal surface. 

4. The method of claim 2, wherein the antigen is administered concurrently v^th the 
oligonucleotide. 

5. The method of claim 2, wherein the antigen is delivered in conjimction with a colloidal 
dispersion system. 

6. The method of claim 5, wherein the colloidal dispersion system is selected from the 
group consisting of macromolecular complexes, nanocapsules, microspheres, beads, and lipid- 
based systems. 

7. The method of claim 6, wherein the lipid-based system is selected from the group 
consisting of oil-in-water emulsions, micelles, mixed micelles, and liposomes. 

8. The method of claim 2, fiirther comprising the step of administering a non- 
oligonucleotide mucosal adjuvant in conjunction with the antigen. 

9. The method of claim 8, wherein the non-oligonucleotide mucosal adjuvant is selected 
from the group consisting of cholera toxin, derivatives of cholera toxin, labile toxin, derivatives 
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of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oil-in- water and other 
emulsion formulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP polymers, 
and ISCOMS. 

10. The method of claim 1, wherein the subject is passively exposed to the antigen. 

5 11. The method of claim 10, wherein the subject is a subject at risk of developing an 

allergic reaction. 

12. The method of claim 10, wherein the subject is a subject at risk of developing an 
infectious disease. 

1 3 . The method of claim 1 1 , wherein the subject is at risk of developing cancer. 

10 14. The method of claim 1, wherein the oligonucleotide is 8 to 100 nucleotides in length. 

15. The method of claim 1, wherein the oligonucleotide includes a phosphate backbone 
modification which is a phosphorothioate or phosphorodithioate modification. 

16. The method of claim 1 5, wherein the phosphate backbone modification occurs at the 
5' end of the oligonucleotide. 

15 17. The method of claim 15, wherein the phosphate backbone modification occurs at the 

3* end of the oligonucleotide. 

18. The method of claim 1, wherein X,X2 are nucleotides selected from the group 
consisting of: GpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected from the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 

20 TpC, ApC, CpC, TpA, ApA, and CpA. 

19. The method of claim 1, wherein the oligonucleotide has a sequence including at least 
the following formula: 

5* TCNTX,X2CGX3X4 3' 

wherein Xj, Xs^Xg , and X4 are nucleotides, N is a nucleic acid sequence composed of from about 
25 0-25 nucleotides. 
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20. The method of claim 1, wherein the antigen is selected from the group consisting of 
^ cells, cell extracts, proteir s, polypeptides, peptides, polysaccharides, polysaccharide conjugates, 
peptide mimics of polysa< charides, lipids, glycolipids, carbohydrates, allergens, viruses and viral 

r^ )rganisms such as parasites. 



extracts and muticellular 



10 



21 . The method of claim 1, v^herein the antigen is an allergen. 

22. The method of claim 1, wherein the antigen is derived from an infectious organism 
selected from the group consisting of infectious bacteria, infectious viruses, infectious parasites, 
and infectious fungi. 

23. The method of claim 1, wherein the subject is an asthmatic. 

24. The method of claim 1, ftirther comprising administering a cytokine to the subject. 

25. The method of claim 1, fiirther comprising administering a B-7 costimulatory molecule. 

26. The method of claim 1, wherein the mucosal immunity is induced in a remote site. 

27. The method oi* claim 1, fiirther comprising administering a boost of oligonucleotide. 



^^^*> 27. The method o^ c 



15 28. The method of claim 8, fiirther comprising administering a boost of the oligonucleotide 

and the non;;oligonucleotide mucosal adjuvant. 

A method for inducing a mucosal inmiune response, comprising 

/ administering to a mucosal surface of a subject an effective amount for inducing a mucosal 
immune response of an antigen and a plasmid vector, having a sequence including at least the 
20 following formula: 

5'X, X2CGX3X43' 
wherein C and G are unmethylated, wherein Xj X2, X3 and X4 are nucleotides. 
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30. The method of claim 29, wherein the antigen is not encoded in a nucleic add vector. 

3 1 . The method of claim 29, wherein the antigen is encoded by a nucleic acid vector. 

32. The method of claim 3 1 , wherein the antigen is encoded by the n^asmid vector. 

33. The method of claim 29, wherein the plasmid vector includes^ nucleic acid sequence 
5 which operatively encodes for a cytokine. / 

34. The method of claim 29, wherein the antigen and the plasmid vector are administered 
orally. 

35. The method of claim 29, wherein the mucosa|Ammunity is induced in a remote site. 

36. The method of claim 29, wherein at least/o^g of the plasmid vector is administered 
10 to the subject. 

37. The method of claim 2^<-eafftir comprising the step of administering a non- 
oligonucleotide mucosal adjuvannn conumfction v^th the antigen. 

38. The method of clahn 37\^ein the non-^ligonucleotide mucosal adjuvant is selected 
from the group consisting of cholera toxin, derh^ves of cholera toxin, labile toxin, derivatives 

15 of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oil-in-water and other 
emulsion formulations such a/MF59^, SAP, Montanide ISA 720 and PRO VAX, PCPP polymers, 
andlSCOMS. 

39. The method/of claim 29, further comprising administering a boost of oligonucleotide. 

40. The method of claim 37, further comprising administering a boost of the 
20 oligonucleotide and the non-oligonucleotide mucosal adjuvant. 

41. The method of claim 29, wherein X1X2 are nucleotides selected from the group 
consisting/f: GpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are4iucleotides selected from the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 
TpC, ApC, CpC, TpA, ApA, and CpA. 



25 
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42. The method of claim 29, wherein the oUgonucleotide has a sequence including^Hfeast 
the following fomiula: 

5' TCNTX,X2CGX3X4 3' 

wherein Xj, X2,X3 , and X4 are nucleotides, N is a nucleic acid sequence composed of from about 
0-25 nucleotides. 



43. The method of claim 29, whj 

44. The method of claim 29, 
modification which is a phosphorptfii 




oli^nucleotide is 8 to 100 nucleotides in length. 



pnucleotide includes a phosphate backbone 
phosphorodithioate modification. 



45. The method of clmm 44, wherein the phosphate backbone modification occurs at the 
5' end of the oligonwl^otide. 

46. ThO'iiiethod of claim 44, wherein the phosphate backbone modification occurs at the 
3* end of tHe^oligonucleotide. 

Al/ A method for inducing a mucosal immune response, comprising 

Administering to a mucosal surface of a subject an effective amount for inducing a mucosal 
immune response of an antigen and of an oligonucleotide, having a sequence including at least 
the following formula: 

5'Xi X2CGX3 X43* 

wherein C and G are uiunethylated, wherein Xj X2, X3 and X4 are nucleotides, and wherein the 
antigen is encoded by a nucleic acid vector. 



48. The method of claim 47, wherein the antigen and the oligonucleotide are administered 



orally. 



49. The method of claim 47, wherein the ml 




unity is induced in a remote site. 



50. The method of claim 47, wherein aUeagt-5l5|Lig of the plasmid vector is administered 
to the subject. 
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51. The method of claim 47, further comprising the step of administering a nbn- 
oligonucleotide mucosal adjuvant in conjunction with the antigen. 

52. The method of claim 5 1 , wherein the non-oligonucleotide mucosal adjuv^t is selected 
from the group consisting of cholera toxin, derivatives of cholera toxin, labiletpxin, derivatives 

5 of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oilrin-water and other 
emulsion formulations such as MF59, SAF, Montanide ISA 720 and PR^VAX, PCPP polymers, 
and ISCOMS. 

53. The method of claim 47, further comprising administering a boost of oligonucleotide. 

54. The method of claim 47, further comprising/ administering a boost of the 
10 oligonucleotide and the non-oligonucleotide mucosal adjutant. 

55. The method of claim 47, wherein the oligonucleotide has a backbone selected from the 
group consisting of a phosphodiester backbone and a chimeric backbone. 

56. The method of claim 47 wherein the,oligonucleotide has a phosphorothioate backbone. 

57. The method of 56 whereirfp^n^^d oligonucleotides are delivered with a colloidal 
15 dispersion system. 

58. The method of 57 wherein the^lloidal dispersion system is selected from the group 
consisting of macromolecular;C^r^lexes, nanocapsules, microspheres, beads, and lipid-based 
systems. 

59. The method of 56 wherein plasmid and oligonucleotide are coated onto gold particles 
20 and are delivered with a gene-gun. 

60. The method of claim 47, wherein XjXj are nucleotides selected from the group 
consisting ofyGpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected from the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 
TpC, ApC, CpC, TpA, ApA, and CpA. 



the/following formula: 



25 y61 . The method of claim 47, wherein the oligonucleotide has a sequence including at least 
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5' TCNTX,X2CGX3X4 3' 

wherein X„ X2 X3 , and X4 are nucleotides, N is a nucleic acid sequence composed^of^-tSm about 
0-25 nucleotides. 

62. The method of claim 47, wherein the oligonucleo^^S to 100 nucleotides in length. 



63. The method of claim 47 
modification which is a phosphor 




igonucleotide includes a phosphate backbone 
sphorodithioate modification. 

64. The method of clajm"(52, whs^^thc phosphate backbone modification occurs at the 
5' end of the oligonudedtide. 

65. Th^'lnethod of claim 62, wherein the phosphate backbone modification occurs at the 
3' end of^e oligonucleotide. 

66. /A method for inducing a mucosal immune response in a subject, comprising: 

Administering to a subject an antigen and an effective amount for inducing a mucosal 
imniune response of an oligonucleotide, having a sequence including at least the following 
formula: 

5'X, X2CGX3X43* 

wherein C and G are unmethylated, wherein X, X2, X3 and X4 are nucleotides, and 

administering to the subject a hormone to induce the mucosal immune response. 

67. The method of claim 66, wherein the antigen and the oligonucleotide are admj 
to a mucosal surface of the subject. 

68. The method of claim 66, wherein the>ormoneJ^-.axlministered systemically. 

A method for inducing an immun^^spopre, comprising 

orally administering to a suj)j^ari effective amount for inducing an immune response of 
an oligonucleotide, havin&^^equence including at least the following formula: 




5'Xi X2CGMC4 3* 



wherein C and G are unmethylated, 




X2, X3 and X4 are nucleotides, and 



exposing the subject to an arrtigeirTo induce the immune response. 

70. The method of cl^ 69, wherein the antigen is administered orally. 

71. The meth6d oitJOaim 69, wherein the antigen is administered simultaneously with the 
oligonucleotide. 

72. The method of claim 69, wherein the oligonucleotide is administered in an effective 
amount for induolng mucosal immunity. 

73. A method for inducing an immune response, comprising 

/brally administering to a subject an effective amount for inducing an immune response of 
CpG containing plasmid, having a sequence including at least the following formula: 

5'X, X2CGX3 X43' 

wherein C and G are unmethylated, wherein X, X2, X3 and X4 are nucleotides, and 
exposing the subject to an antigen to induce the immune response. 

74. The method of claim 73, wherein the antigen is administered oraj. 

75. The method of claim 73, wherein th^^afi^en is,adntirustered simultaneously with the 
CpG containing plasmid. 

76. The method of cl^pa-T^wherein'TKeoligonucleotide is administered in an effective 
amount for inducing^mficosal immunity. 

11/^ K method for inducing an immune response, comprising 

intranasally administering to a subject an effective amount for inducing an inamune 
response of an oligonucleotide, having a sequence including at least the following formula: 
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5/ X, X2CGX3 X4 3* 

wherein C and G are vinmethylated, wherein Xj X2, X3 and X4 are nucleotides, and 
exposing the subject to an antigen to induce the immune response. 

78. The method of claim 77, wherein the antigen is administered in^anasariy. 

79. The method of claim 77, wher/eJmJjhfe.antieeixis-S^^ simultaneously with the 
oligonucleotide 

80. The methojUrfcl^m 77, wherein the oligonucleotide is administered in an effective 
amount forjjadtlcing mucosal immunity. 

81/ A method for inducing an immune response, comprising 

/rectally administering to a subject an effective amount for inducing an immune response 
of an oligonucleotide, having a sequence including at least the following formula: 

5'X, X2CGX3X43* 

wherein C and G are unmethylated, wherein X,, X2, X3, and X4 are nucleotides, and 
exposing the subject to an antigen to induce the immune response. 



82. The method of claim 81, wherein the antigen is administered, 

83. The method of claim 81, whe^ f^e antigeiH:§^administered simultaneously with the 
oligonucleotide. 

84. The method Qf<5laim 81, wherein the oligonucleotide is administered in an effective 
amoimt for indpcifig mucosal immimity. 

i5. A method for inducing an immune response, comprising 

vaginally administering to a subject an effective amount for inducing an immune response 



10 



15 
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of an oligonucleotide, having a sequence including at least the following formula: 

5'X, X2CGX3 X4 3* 

wherein C and G are unmethylated, wherein X, X2, X3,and X4 are nucleotides, and 
exposing the subject to an antigen to induce the immune response. 

86. The method of claim 85, wherein the antigen is administeredjiagifially. 

87. The method of claim 85, whe;x5rft^ntigeii>t^ldm simultaneously with the 
oligonucleotide. 

88. The method ot^tmm 85, wherein the oligonucleotide is administered in an effective 
amount for indjieifig mucosal immunity. 

89. yA method for inducing an immune response, comprising 

^ularly administering to a subject an effective amount for inducing an immune response 
of an oligonucleotide, having a sequence including at least the foUov^ng formula: 

5'Xi X2CGX3 X4 3* 

wherein C and G are unmethylated, wherein X, X2, X^^ and X4 are nucleotides, and 
exposing the subject to an antigen to induce the immune response. 

90. The method of claim 89, wherein the antigen is administered oj 



91. The method of claim 89, whereig/ll\e ^tiger 
oligonucleotide. 



Iministered simultaneously with the 



92. The method of cl^iiif^, wherein the oligonucleotide is administered in an effective 
20 amovmt fopnducmg-tmcosal immunity. 

A method for inducing a systemic immxme response, comprising 




administering to a mucosal surface of a subject an effective amount for inducing a systemic 
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immirne response of an oligonucleotide, having a sequence including at least the following 
formula: 



wherein C and G are unmethylated, wherein X, Xj, X3 and X4 are nucleotides, and 

administering to the mucosal surface of the subject an antigen to induce the systemic 
immune response. 

94. The method of claim 93, wherein the antigen is delivered in conjunction withX 
colloidal dispersion system. >^ 

95. The method of claim 94, wherein the colloidal dispersion system is selejjfed from the 
group consisting of macromolecular complexes, nanocapsules, microspheres/ueads, and lipid- 
based systems. X 

96. The method of claim 95, wherein the lipid-based systena^ is selected from the group 
consisting of oil-in- water emulsions, micelles, mixed micelles/mid liposomes. 

97. The method of claim 93, further comprisi^ the step of administering a non- 
oligonucleotide mucosal adjuvant in conjunction witnthe antigen and the oligonucleotide. 

98. The method of claim 97, wherein th^^i^aj^gonucleotide mucosal adjuvant is selected 
from the group consisting of cholera toxm, dCTiv^tlves of cholera toxin, labile toxin, derivatives 
of labile toxin, alum, MLP, MDP, sanci^tifis^ch as QS21, cytokines, oil-in- water and other 
emulsion formulations such as MF59<^AF, Montanide ISA 720 and PRO VAX, PCPP polymers, 
and ISCOMS. / 

99. The method of claim 93, wherein the oligonucleotide is 8 to 100 nucleotides in length. 



100. The method of claim 93, wherein the oligonucleotide includes a phosphate backbone 
modification which is a phosphorothioate or phosphorodithioate modification. 



101 . The method of claim 100, wherein the phosphate backbone modification occurs at the 
5' end of the oligonucleotide. 



►2. The method of claim 100, wherein the phosphate backbone modification occurs at the 



5'X, X2CGX3X43* 
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^^^"ena'of the oligonucleotide. 

103. The method of claim 93, wherein XjXj are nucleotides selected from the groi 
consisting of: GpT, GpG, GpA and ApA and X3X4 are nucleotides selected from the^oup 
consisting of: TpT, CpT or TpC. 

104. The method of claim 93, wherein the oligonucleotide has a sequenoerincluding at least 
the following formula: 

5' TCNTX,X2CGX3X4 3' 

wherein Xi, X2 X3 , and X4 are nucleotides, N is a nucleic atrid sequence composed of from about 
0-25 nucleotides. 




105. The method of claim 93, ^i^mpreim the^tigen is selected from the group consisting of 
cells, cell extracts, proteins, polypeptidg sf^^odes, polysaccharides, polysaccharide conjugates, 
peptide mimics of polysaccharides, lipMV^colipids, carbohydrates, allergens, viruses and viral 
extracts and muticellular organisms such as parasites. 

106. The method of cl^in^3, wherein the antigen is an allergen. 

107. The methodof claim 93, wherein the antigen is derived from an infectious organism 
selected from the ^gfoup consisting of infectious bacteria, infectious viruses, infectious parasites, 
and infectiou^^rangi. 

1(>8. The method of claim 93, wherein the antigen is not encoded in a nucleic acid vector, 
ancLwherein the antigen does not produce a systemic immune response when administered to the 

administering to a mucosal surface of a subject an effective amount for inducing a systemic 
immune response of a combination of a non-oligonucleotide mucosal adjuvant and an 
oligonucleotide, having a sequence including at least the following formula: 

5'Xi X2CGX3 X4 3' 
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wherein C and G are unmethylated, wherein Xj X2, X3 and X4 are nucleotides, and 

exposing the subject an antigen to induce the systemic immxme response. 

110. The method of claim 109, wherein the subject is actively exposed to the anti^n and 
wherein the antigen is delivered in conjunction with a colloidal dispersion system. / 

5 111. The method of claim 110, wherein the colloidal dispersion system is selected from 

the group consisting of macromolecular complexes, nanocapsules, microsphere, beads, and lipid- 
based systems. / 

112. The method of claim 111, wherein the lipid-based systen/is selected from the group 
consisting of oil-in- water emulsions, micelles, mixed micelles, ami liposomes. 

10 113. The method of claim 110, wherein the antigen is/flelivered to a mucosal surface. 

114. The method of claim 113, wherein the nMf-oligonucleotide mucosal adjuvant is 
selected from the group consisting of cholera toxinyflerivatives of cholera toxin, labile toxin, 
derivatives of labile toxin, alum, MLP, MDP, sapoimis such as QS21, cytokines, oil-in- water and 
other emulsion formulations such as Mf3^ SAF, Montanide ISA 720 and PRO VAX, PCPP 

15 polymers, and ISCOMS. \ Jr^ — 

115. The method of claim 1 09, Jmerei^^ oligonucleotide is 8 to 100 nucleotides in 
length. ^^^M — ""'"'^ 

116. The method of claim 109, wherein the oligonucleotide includes a phosphate backbone 
modification which is a phosphorothioate or phosphorodithioate modification. 

20 117. The method oficlaim 116, wherein the phosphate backbone modification occurs at the 

5' end of the oligonucleotide. 

118. The m^od of claim 116, wherein the phosphate backbone modification occurs at the 
y end of the oligonucleotide. 

119. /The method of claim 109, wherein X,X2 are nucleotides selected from the group 
25 consisting of: GpT, GpG, GpA and ApA and X3X4 are nucleotides selected from the group 

consisting of: TpT, CpT or TpC. 



120. The method of claim 109, wherein the oligonucleotide has a sequence i] 
least the following fomiula: X 



[uding at 



5' TCNTX,X2CGX3X4 3* 

wherein X,, Xj^Xg , and X4 are nucleotides, N is a nucleic acid seque^jz^ composed of from about 
0-25 nucleotides. 

121. The method of claim 109, wherein the antigen i/selected from the group consisting 
of cells, cell extracts, proteins, polypeptides, peptides, polysaccharides, polysaccharide 
conjugates, peptide mimics of polysaccharides, m^ids, glycolipids, carbohydrates, allergens, 
viruses and viral extracts and muticellular org^^^ms"stteh as parasites. 

122. The method of claim 109, w^^ein the antjg^ is an allergen. 

123. The method of claim 109; wherein the antigen is derived from an infectious organism 
selected from the group consistipg of infectious bacteria, infectious viruses, infectious parasites, 
and infectious fimgi. 



124. The methodx)f claim 109, wherein the antigen is not encoded in a nucleic acid vector. 



